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Patients with accessory pathway-mediated supraventricular
laehycardia have typically been treated with drugs or surgery .
Although catheter ablation using high voltage direct current
shocks has been used to treat patients with drug-refractory
supraventricular taehyeardia, there are associated disadvantages .
including damage due to barotrauma as well as the need for
general anesthesia. Recenlly,trascateterradiofrequenvyenergy
has evolved as an alternative to direct current shock or surgery to
ablate accessory pathways
.
Pereutaneous catheter ablation of 1119 accessory pathways with
use of radiofrequency energy was attempted in too consecutive
patients . Patient age ranged from 3 to 67 years. The patients had
been treated for recurrent tachycardia with a mean of 2 .7
:t
0.2
antiarrhythmic agents that either proved ineffective or caused
unacceptable side effects . In seven patients previous attempts at
accessory pathway ablation with use of direct current shack had
been unsuccessful . Forty-five (41 %) of the pathways were left free
wall, 43 (40%) were septal and 21119%) were right free wall .
Patients with accessory atrioventricular (AV) connections
are at risk for recurrent supraventricular tachycardia, syn-
cope and, less commonly. sudden cardiac death . Catheter
ablation of accessory pathways with use of high energy
direct current shocks (1-8) has been associated with signif-
icant disadvantages related to barotraurna and the need for
general anesthesia
. Recently, radiofrequency energy has
been used instead of direct current shocks for transcatheler
ablation of cardiac tissue (9-121 . Radiofrequency energy
produces myocardial desiccation by means of resistive heat-
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Eighty-nine (89%) of the loo
patients
bad successful radiMre-
quency ablation at the time of hospital discharge. In all but 12
patients the ablation was accomplished in a single session . Com-
plications attribstabic to the procedure, but not to the ablation
itself, occurred in four patients (4%1 . No patient developed
atrioventricular block or other cardiac arrhythmia . Over a mean
follow-up period of 10 months, nine patients bad sense return of
accessory pathway conduction; a repeat ablation procedure was
successful in all five patients In whom it was attempted .
It is eenduded that a catheter ablation procedure using
radiofrequeney energy can be performed
ma
accessory pathways
in all locations. The lamedum is effective and safer, less costly
and more convenieat than
cardiac
surgery and cam be considered
as an alternative
10
lifelong medical therapy a any patient with
symptomatic accessory pathway-mediated tachycaria .
(J Am Cuff Cordial 1992;19:1303-9)
activation, radiofrequency ablation is associated with fewer
side effects. Preliminary reports indicated that radio-
frequency energy couid be used to produce discrete lesions
on the AV ring (14,15) and could therefore be used to ablate
accessory AV connections (16-18) . Two groups (19,20)
recently reported excellent results in the use of radio-
frequency energy to ablate accessory AV connections . This
report describes our experience and follow-up of a large
consecutive series of patients undergoing radiofrequency
catheter ablation of accessory pathways in all locations
around the AV anuli.
Methods
Study patients. From April 1990 to May 1991 . radio-
frequency catheter ablation of 109 accessory pathways was
attempted in 100 patients
. Patient age ranged from 3 to 67
years (mean 31
t
1 .6): 11 patients were <13 years of age
.
Thirteen children in the present study were included in a
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arrhythmias and are described here as part of a consecutive
series at our institution and because more complete and
longer follow-up data arc now available. Sixty patients were
male and 40 female . Symptoms included recurrent palpita-
tion in 83% of patients, syncope or presyncope in 42% and
dizziness in 10%. Three patients were resuscitated from
cardiac arrest due to ventricular fibrillation . Two patients
without structural heart disease and one patient with mitral
stenosis presented with pulmonary edema precipitated by
tachycardia. One patient had had a myocardial infarction as
a result of lachycardia. The mean duration of symptoms was
10.3 ± I years (range 6 months to 52 years) .
Most patients had been treated with antiarrhythmic
agents (mean 2 .7 ± 0.2 . range I to 7) and had either recurrent
tachycardia or unacceptable side effects, were poorly com-
pliant or wished to discontinue medications . Seventeen
patients had not received antiarrhythmic drugs but requested
catheter ablation to avoid the need for medications or
surgery . In seven patients with a posteroseptal accessory
pathway three previous attempts at direct current shock
ablation had been unsuccessful ; in two patients pre-
excitation and tachycardia had recurred after initially suc-
cessful surgical division of an accessory pathway .
Most patients had no structural heart disease. However,
four had coronary artery disease, four had the Ebstein
anomaly of the tricuspid valve, two had mitral valve pro-
lapse, one had calcific aortic stenosis and one had rheumatic
mitral stenosis . One patient had a congenital diverticulum of
the coronary sinus .
Electrophysiotogic evaluation . Each patient underwent a
standard invasive electrophysiotogic study under mild seda-
tion in the postabsorptive state after informed written con-
sent was provided by the patient or the patient's guardian .
The procedure had been approved by our Institutional
Review Board . With use of femoral and internal jugular
venous access, quadripolar electrode catheters were posi-
tioned against the high right atrium, low septa tight atrium,
coronary sinus and right ventricular apex . Surface electro.
cardiographic (ECG) leads 1, 11, aVF and V I were moni-
tored
. Bipolar intracardiac electrograms were filtered with a
bandpass of 30 to 250 Hz. The presence and location of the
accessory pathway or pathways were determined, as well as
the involvement of the accessory pathway in lachycardia
using previously described methods (22) . When possible,
anterograde and retrograde conduction and refractory prop-
erties of the accessory pathway were determined .
Ablation procedure . Patients who had a left-sided acces-
sory pathway or who had mapping of the tricuspid ring by
means of the right coronary artery received anticoagulant
therapy using approximately 150 Ulkg body weight of intra-
venous heparin and additional heparin as required . After
initial electrophysiologic evaluation had determined the ap
•
proximate location of the accessory pathway, a tip-deflecting
7F ablation catheter with a large (4- to 5-mat) distal electrode
(Mansfield Scientific or EP Technologies) was placed along
the tricuspid or mitral anulus .
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Figure t. A right anterior oblique cine frame taken during a suc-
cessful ablation procedure in a patient with a left anterolateral
accessory pathway. Diagnostic electrode catheters were placed into
the high right atrium (HRA), right ventricular apex (RVA), coronary
sinus (CS) and low septa) right atrium to record a His bundle
electrogram (HBE) . The ostium of the coronary sinus is labeled (os).
A tip .deflecting catheter was placed through the femoral artery and
positioned in the left ventricle (LV) to lie under the ndtral valve
apparatus and tightly juxtaposed to the mitral anulus at the site of
the accessory pathway . This position was determined by initial
mapping in the coronary sinus . Application of radiofrequency en-
ergy between the 4-mm tip of the ablation catheter and a large
surface mra skin patch resulted in ablation of the pathway .
For left-sided accessory pathways, the putative site of the
accessory pathway was determined by mapping in the cor-
onary sinus . A transarterial ablation catheter was then
manipulated on the ventricular side of the mitral valve
apparatus, using the coronary sinus electrode as a target .
Figure I . a right anterior oblique cine frame of the heart,
shows the diagnostic and ablation catheters in place during a
typical ablation procedure in a patient with a left lateral
accessory pathway . In three patients, ablation performed
from under the mitral valve was not successful and a
transseptal approach was undertaken .
A lransvenoas approach was used for septal and right
parietal pathways . Anteroseptal pathways, defined as those
mapped in the region at or cephalad to the His bundle, were
approached from the femoral vein ; the ablation catheter was
passed to the pulmonary outflow tract, then slowly with-
drawn with retroflexion to lie on the ventricular side of the
tricuspid ring just superior to the His bundle
. Mid-septal
pathways were defined as those that were mapped in the
region caudal to the His bundle and cephalad to the coronary
sinus os. For posterior and mid-septal pathways, careful
mapping was performed along the tricuspid ring in the region
above and below the coronary sinus os .
If initial attempts at ablation of posteroseptal pathways
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Figure 2. Ablation catheter positions for approaching posteroseptal
accessory pathways are shown in the right posterior oblique vievv
with the atria removed. The mitral valve (hI V ). tricuspid valve (TV) .
coronary sinus (CS)
. aorta (Ao) and inferior vena cava IIVC) are
labeled. In the left panel, the tip-deflecting ablation cati :^ter (AB)
has been positioned along the tricuspid anulus to lie firmly against
the septum just beneath the os of the coronary sinus (CS) .
In the
right panel, a transarterial transaortic approach has been taken . The
ablation catheter IABI is positioned under the ntitral valve at the
posterosuperior process of the left ventricle .
from the tricuspid ring failed . we took advantage of the fact
that the posterosuperior process of the left ventricle is
juxtaposed to the right atrium in the posteroseptal space and
positioned the ablation catheter under the mitral valve by a
transaortic approach (Fig . 2) . In 13 patients with a right free
wall pathway. mapping of the tricuspid anulus was per-
formed with a specially designed 2F bipolar wire inserted
into the right coronary artery (Viggo-Spectramed) through a
s,andard diagnostic Judkins right coronary catheter . After
coronary angiography the wire was advanced to the crux of
the heart and withdrawn in 0.5- to 1-cm increments and both
pre-excited sinus rhythm and ortbodromic supraventricutar
tachycardia were recorded at each site .
Ablation seas attempted at sites from e, hieh the following
were, recorded: 1) the shortest time from the onset of
ventricular activation to local atrial activation during ortho-
dromic reciprocating tachycardia ; 2) an atria) deflection
md .4 mV for left-sided pathways and a I mV for right-sided
or septal pathways; 3) fusion of the local atrial and ventric-
ulor deflections during pre-excited complexes (sinus rhythm
or atrial pacing); and 4) local ventricular deflection occurring
before or just at the onset of the delta wave on the body
surface. In addition, we required : 5) fluoroscopic evidence of
concordant movement of the ablation catheter with the plane
of the mitral or tricuspid anulus.
We did not attempt to prove that we were recording
accessory pathway potentials (20 .23) . but electrograms from
sites meeting these requirements were usually polyphasic
and continuous, and such potentials may therefore have
been present .
Once positioned, 15 to 35 W of continuous unmodaated
current at 330 to 550 kHz was delivered between the distal
pole of the ablation catheter and a large surface area skin
patch placed over the left scapula with use of a radio-
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frequency generator (Radionics or EP Technologies) . If a
sudden increase in telemetered voltage and a decrease in
current occurred,indicating an increase in impedance. ap-
plication of energy was immediately discontinued . the cath-
eter removed and the distal electrode cleaned . Otherwise,
energy vv-as delivered for up to 100 s at a given location but
was usually discontinued after 15 s if no electrophysiologic
effect (loss of pre-excitation) was observed . If accessory
pathway conduction was still present, the catheter was
repositioned and the procedure repeated .
III the 45 patients most recently enrolled in oar study, we
carefully logged the total procedure time, defined as the time
elapsed from the patient's initial arrival in the electrophysi-
oiugy suite to removal of the catheters : the ablation time,
defined as the time from the completion of the diagnostic
portion of the study and initial mapping to the time of the
final application of radiofrequency energy. and the total
fluoroscopy time .
Follow-up
. Patients underwent continuous ECG monitor-
inc for 24 to 4h h after the procedure . Fourteen patients had
repeat electrophysiologic studies at 48 h to veri fy successful
ablation of a concealed accessory pathway. Echocardiog-
raphy was performed in all patients before hospital dis-
charge. After discharge, patients and their referring physi-
cians were contacted monthly with regard to recowent
symptoms, need for medications. complications and I_ lead
ECG findings. All patients were encouraged to return for a
repeat electrophysiologic study approximately 3 nt, •nihs
Liter the procedure. To date. 42 patients have had follow-up
electrophysiologic study an average of 3 .7 months after (` :
procedure .
Cost analysis. The billed charges for hospitalization . dcc-
trophysiologic study including the ablation procedure, pro-
fessional fees and laboratory tests were calculated and
summed. For comparison with the costs of surgical treat-
ment, the charges for the last eight patients undergoing
cardiac electrosurgery for the Wolff-Parkinson-White syn-
drome at our institution were obtained.
Statistical analysis . Results are presented as mean values
-_ SEM . Potential predictors of successful ablation were
evaluated by using chi-square analysis; a p value <0.01 was
considered significant.
Results
Electrophysiologic characteristics. Of the 100 consecutive
patients undergoing attempted radiofrequency ablation, 92
had one, 7 had two and I had three accessory pathways .
Forty-five (41 .2%) of the pathways were left
'ee wall,
21 (19.3%) were right free wall, 7 (6.45c) were anteroscpeal,
6 (5
.5%) were mid-septa] and 30 (27 .5%) were posteroseptal
(Fig . 3)
. Two posteroseptal and three intermediate septa[
access.; y pathways were slowly conducting, leading to the
permanent form of junctional reciprocating tachycardia .
Thirty accessory pathways (27 .5%) were concealed, one
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Figure 3. Distribution of accessory pathways for which radio-
frequency ablation was attempted. Ac, = aorta ; CS = coronary
sinus ; MV = Initial valve
; numbers = number of pathways at each
site; RCA = right coronary artery ; TV = tricuspid vatve .
remaining 78 (71
.6%) exhibited bidirectional conduction
.
Twenty-two of 79 accessory pathways with manifest
pre-excitation had an anterograde effective refractory period
<250 ms. Retrograde effective refractory period ranged from
< 190 to 320 ms . Orthodromic reciprocating tachycardia was
recorded in all but five patients, with the cycle length rang-
ing from 200 to 460 ms (mean 307 ± 5 .1)
.
Atrial fibrillation
was not routinely induced but occurred clinically or dur-
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ing electrophysiotogic study in 28 patients, with a mean
shortest pre-excited RR interval of 254 ± 10 .4 ms (range 180
to 410).
Accessory pathway ablation. Eighty-nine (89%) of the 100
patients had successful ablation, defined as persistent elim-
ination of accessory pathway function at the time of hospital
discharge . Most required a single session, and two sessions
were needed in 12 patients . Of seven patients who had a
previously unsuccessful attempt at direct current or surgical
ablation of posteroseptat accessory pathways, ablation using
radiofrequency energy was successful in five . Seven of eight
patients with multiple accessory pathways were successfully
treated. All four patients with the Ebstein anomaly, one of
whom had two and one of whom had three accessory
pathways, and a patient with a large diverticulum of the
coronary sinus had successful culheiec ablation.
A median of 8 applications of
radtofrequeucy energy
(range I to 40) were delivered for a mean of 450 ± 35 s . A
typical ablation procedure is illustrated in Figure 4, in which
electrophysiotogic study confirmed the presence of a single
left free wall pathway. The electrogram recorded from an
ablation catheter placed firmly beneath the mitral valve at
the anulus shows a fused local AV interval during sinus
rhythm and the site of earliest atrial activation during ortho-










Figure 4, Surface and intracardiac electro-
cardiographic recordings obtained during
electrophysiologic study in a 26-year old
woman with a left free wall accessory pall,
way . Shown are surface leads Vt , 1, II and
aVF cad intracardiac recordings from the
high right atrium (HRA), His bundle (HBE),
distal coronary sinus (CS disc .), proximal
coronary sinus (CS prox
.) and the ablation
catheter placed in the left ventricle (LV)
along the miml anulus. A, During sinus
rhythm
(k8
panel), there is ventricular pre-
excitation with an HV interval of -10 ms
.
The ablation catheter records a very short
interval between atria) (A) and ventricular
IV) etectrogmms, indicating proximity to
the accessory pathway
. During orthodrornic
supraventricular tachycardia (SVT) (right
panel(, the earliest site of atria) activation is
recorded at the ablation catheter, along with
a VA interval of 6o ms . A brief rapid delleo-
tion recorded between atrial (A) and ventric-
ular (V) deflections during sinus rhythm and
between ventricular and aunt deflections
during supraventrieular tachycardia may
represent activation of the accessory path-
way (an-mrs). In B, them is sudden loss of
pre-excitation shortly after application of
30 W of radiofrequency energy (curved ar .
row) . * = pre-excited beats ; * = normal
complexes without pre-excitation .
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The median total procedere rime was 240 min (range 120
to 600) . The mean fluoroscopy time was 66 x 8 .9 min (range
5 to 180) and the average ablation lime was 81
• 14 ., min
(range 10 to 230) .
Complications. There have been no complications attrib-
utable to application of radiofrequency energy to the en-
docardium . Four patients had adverse effects from the
procedure. One patient developed cardiac tamponade with
fluoroscopic evidence of penetration of a right ventricular
catheter and was successfully treated with percutaneous
pericardiocentesis. One patient developed agroin hematoma
secondary to arterial catheter insertion. In a I5-year old boy
who dc4clopcu foot pain, results
of
blood few studies were
normal but microembolism could not be excluded ; he recov-
ered promptly with no treatment . A patient with a left
anterolateral accessory pathway successfully ablated by
means of a transseptal approach developed chest pain and
transient ST elevation during application of radiofrequency
energy . Coronary spasm was suspected, but results of cor-
onary angiography were normal . Four of seven patients with
an anteroseptal accessory pathway developed right bundle
branch block (permanent in three, transient in one) during
successful ablation but otherwise had intact AV conduction .
There were no permanent complications in any patient
.
Creatine kinase (CK) and CK-MB levels were measured
at 4, 12 and 24 h after the procedure in 79 patients . The mean
peak CK level was 274 ± 28 U and the mean peak CK MB
level was I I ± i .6 U . Several patients reported a burning
sensation on the chest wall during radiofrequency energy
application. Otherwise, the procedure was generally well
tolerated . During energy a pplication . no change in blood
pressure was observed . No new arrhythmias or AV conduc-
tion block occurred after the procedure
. Echocardiograms
performed routinely after ablation showed no pericardial
effusion (except as described earlier), intracardiac thrombus
or valve disruption .
Follow-up . The 89 patients with successful ablation at
hospital discharge have been followed up for a mean of 305
15 days. Forty-two patients underwent repeat electro-
physiologic studies an average of 112 ± 12 days after the
procedure and the remainder have been evaluated by his-
tory, ECG and Halter ECG monitoring. At follow-up elco-
trophysiologic study, 35 patients had no accessory pathway
conduction and 7 showed some return of conduction . One
patient with a posteroseptal and one with a right anterior free
wall pathway had recurrence of accessory pathway conduc-
tion in the anterograde direction only . In both patients.
accessory pathway block cycle length was >500 ms in both
the baseline state and after isoproterenol infusion ; both
patients were asymptomatic and requt ed no further therapy
for the recurrence. One patient who had a left lateral
pathway with bidirectional conduction before the initial
ablation procedure had conduction only in the retrograde
direction at follow-up study
; a repeat ablation procedure was
1 307
successful
. One patient with recurrent tachycardia after
successful ablation of a left posterior pathway was found to
have a second left lateral pathway not recognized at the first
electrophysio!ogic study . This pathway was successfully
ablated and the patient is now asymptomatic . Two patients
with an intermediate septal and one with an anteroseptal
accessory pathway were found to have recovered full acces-
sory pathway conductioa.
All 47 patients with initially successful ablation who have
not had follow-up electrophysiologic study are asympto-
matic . However, two patients have had a return of their
LCD pattern of pre-excitation. To date, both are asympto
matic and follow-up clectrophysiologic study is pending .
Therefore
. of 89 portents with initially successful abla-
tion
. 9 19
.8%) have had some evidence of return of conduc-
tion over the accessory pathway at follow-up electrophysi-
Dlogic study or by 12-lead ECG. All five patients in whom
repeat ablation was attempted wete su eess'elly treated and
remain asymptomatic .
Predictors of successful ablation at hospital discharge. The
effect of several clinical factors on the success of accessory
pathway ablation was analyzed. There was no significant
difference in the rate of successful ablation for male (86 .7%)
or female
(90`) patients. The success rate for children < 14
years of age (73%) was similar to that of children >14 years
of age 191%) (p = NS) . Twenty-six (86.5%) of 30 concealed
and 71 (90%) of 79 manifest accessory pathways were
successfully ablated (p = NS) . There was no correlation
between anterograde or retrograde accessory pathway effec-
tive refractory period or supraventricular tachycardia cycle
length and successful ablation.
Padurav location did correlate to some extent with suc-
cess . Overall . 98 (90%) of 109 pathways were successfully
ablated . Forty-four (97.8%) of 45 left Lee wall and 17
(80.1%I of 21 right free wall pathways were successfully
ablated (p = 0,02) . The ablation success rate for septa)
accessory pathways was 36 (83 .7%) of 43 (p = NS compared
with results in left free wall pathways).
Predictors of rrcurent accessory pathway conduction .
Evidence of return of conduction over an accessory pathway
at 3-month follow-up electrophysiologic study or by ECG
occurred in 2 (4 .6%) of 44 left free wall pathways and 2
111 .8%) of 17 right free wall pathways that were initially
successfully ablated (p = NS). In contrast, two (33 .3%) of
six mid-septa) pathways had return of conduction (p= 0.01).
The rate of recurrence for all septa) accessory pathways was
4(11 .1%)cf36 .
Cost analysis
. The mean duration of the hospital stay was
2
.1 ± 0 .3 days. The average charge to patients for hospital-
ization, electrophysiclogic study including ablation and pro-
fessional fees was $10.600. By comparison, the average
charge to the last eight patients undergoing surgery for
Wolff-Parkinson-White syndrome at our institution was
$43
.150.
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Discussion
We have described a large, series of patients with acces-
sory pathway-mediated tachycardia refractory to or intoler-
ant of drug therapy in whom closed chest . transcatheter
radiofrequency ablation of accessory pathways in all loca-
tions had an 89% success rate
. The patients with arrhythmia
cure included five of seven patients with previously unsuc-
cessful direct current shock ablation of a posteroseptal
accessory pathway, seven of eight patients with multiple
accessory pathways . four of four patients with the Ebstein
anomaly of the tricuspid valve and seven of seven patients
with an anteroseptal accessory pathway in close proximity
to the His bundle .
Predictors of successful ablation. There are no clinical or
electrophysiologic factors, including age . gender, concealed
versus manifest pre-excitation, accessory pathway effective
refractory period, presence of multiple pathways or concom-
itant structural heart disease, that would contraindicate an
attempt at radiofrequency ablation in any patient with acces-
sory pathway-mediated tachycardia. The only variable with
some relation to success was pathway location . Failure to
ablate may be related to one of several factors . including
precise localization of the atrial and ventricular insertion of
the accessory pathway, good tissue contact at the site of the
accessory pathway and delivery of an adequate amount of
energy to the endocardium to desiccate the accessory path-
way, which may lie at some depth from the endocardium .
For example, the depth of the septa) space (24) may make it
difficult to deliver adequate energy to an accessory pathway
coursing in the septum, so that two mid-septa) pathways in
the present study could be ablated only from the left septum
after attempts at ablation along the right septum failed .
Three left free wall accessory pathways required ablation
from the left atrium by means of a transseptal approach after
ablation from the left ventricle resulted in repeated but
transient loss of pre-excitation . This finding suggests that in
these patients, the ventricular insertion of the accessory
pathway was epicardial and the heat delivered was inade-
quate to desiccate the accessory pathway from a catheter at
the ventricular endocardium .
Complications. Successful ablation was achieved with a
low incidence of adverse effects . Potentially serious compli-
cations occurred in four patients (4%) . There were no
long-term adverse sequelae
. No patient died or developed
AV block or other arrhythmias . Coronary spasm has been
reported (8,25) for direct current ablation of accessory
pathways and one of our patients had evidence of spasm .
There was no damage to coronary vessels in dogs undergo-
ing radiofrequency ablation using a technique identical to the
one used in the present study (26)
. The small lesion size and
absence of heat accumulation in the presence of rapidly
moving arterial blood make coronary artery damage unlikely
with radiofrequency ablation .
Comparison with previous studies . Although surgery for
patients with an accessory pathway is associated with a high
success rate (27 .28), the inconvenience motivated a search
for alternatives . Morady and coworkers (1,2) described the
use of high voltage, direct current shocks delivered just
outside the os of the coronary sinus to destroy posteroseptal
accessory pathways . More recently, direct current shock
ablation was performed for pathways in various locations
around the AV ring (7) .
With this technique Warin et al . (7)
reported a >90% success rate in a series of 248 patients. In
their series . the success rate of direct current shock ablation
was similar to that of the present study but multiple sessions
were required more frequently, there was a greater incidence
of serious complications including death, the hospital stay
was longer and a prolonged course of antiarrhythmic drugs
to prevent ventricular arrhythmias was needed .
Several investigators (19.29-31) have provided prelimi-
nary reports of radiofrequency ablation for accessory path-
ways . More recently, two groups (19,20) have published
their prospective evaluation of radiofrequency catheter ab-
lation in a series of patients with accessory pathway-
mediated tachycardia . The present report confirms and
extends the results of these two important studies . Calkins et
al . (19) reported success in 52 (93%) of their 56 patients and
Jackman et al
. (20) reported a 99% success rate in attempting
ablation of 177 accessory pathways in 166 patients . Our
success rate of 89% was similar to that of Calkins el al . (19),
despite a higher incidence in our study of right-sided path-
ways (19.3% vs. 3.5%), a higher proportion of children and
the presence of four patients with the Ebstein anomaly,
including one with three accessory pathways. Our success in
some of these more technically difficult cases miry he related
in part to the use of mapping in the right coronary artery,
which allowed more rapid and precise localization of right-
sided accessory pathways than is provided by standard
endocardial mapping (32) . The rates of complications (2%
and 3.6%) and the recurrence of accessory pathway conduc-
tion (I I% and 9%) in the respective series of Calkins et al .
(19) and Jackman et al . (20) are similar to those of the present
study (4% and 9%l .
Cost considerations. Radiofrequency ablation is less
costly than surgery. Although the mean hospital stay in our
series was 2.1 ± 0.3 days . the absence of new arrhythmias,
AV block or recurrence of pre-excitation in any patient after
the 24-h monitoring period after ablation implies that an even
shorter hospital stay is possible . The average charge to our
patients of $10,600 was less than 25% of the average charge
for the last eight patients undergoing surgery for the Wolff-
Parkinson-White syndrome at our institution . Similar results
of cost analysis have been shown for direct current shock
ablation versus surgery (33) and more recently for radio-
frequency ablation versus surgery (34) .
Conclusions. We have described a series of patients with
supraventriculartachycardia and accessory connections at
all locations around the AV anuli
. Catheter ablation cured a
high percent of these patients with a very low incidence of
adverse effects. Although the long-term outcome of these
patients awaits further study, catheter ablation of accessory
3ACC Vat. 19, No. 6
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pathways using radiofrequency energy appears to be a
suitable alternative to cardiac surgery. With further experi-
ence and follow-up,
this curative technique can be offered as
an alternative to lifelong medical therapy to any patient with
symptoms due to accessory pathway-mediated tachycardia .
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